A set of four monoclonal antibodies was produced against a highly purified pepsin extract of type 5 streptococcal M protein. Three of the four antibodies cross-reacted with purified M proteins from heterologous serotypes and opsonized the respective heterologous organisms. Our studies suggest that monoclonal antibodies may be useful in identifying subpeptides of various M proteins containing common, protective epitopes that are capable of evoking antibodies that would protect against several different potentially "rheumatogenic" serotypes. Culture supernatants, ascites fluids, and affinity-purified samples were tested for the presence of type-specific and cross-reactive M antibodies by ELISA (6, 7) with pep M5, pep M6, pep M18, pep M19, and pep M24 (5 ,ug/ml) adsorbed to polystyrene cuvettes as the solid-phase antigen. In some instances ELISAs were performed with whole streptococci as particle-phase antigens (12) to demonstrate the binding of antibodies to the surface M protein in its native state.
The surface M protein of group A streptococci evokes a humoral immune response that protects the host against subsequent infection with the same M serotypes (16) . Although M protein antibodies are for the most part serotype specific, Hirst and Lancefield (13) as early as 1939 demonstrated that certain epitopes are shared among different serotypes. More recently, it has been shown that some cross-reactive M antibodies were directed against common, protective epitopes and, therefore, were able to opsonize the heterologous organisms (6, 7, 10, 11 Culture supernatants, ascites fluids, and affinity-purified samples were tested for the presence of type-specific and cross-reactive M antibodies by ELISA (6, 7) with pep M5, pep M6, pep M18, pep M19, and pep M24 (5 ,ug/ml) adsorbed to polystyrene cuvettes as the solid-phase antigen. In some instances ELISAs were performed with whole streptococci as particle-phase antigens (12) to demonstrate the binding of antibodies to the surface M protein in its native state.
Type-specific and cross-reactive opsonic antibodies were detected by in vitro opsonophagocytic assays as described elsewhere (5) . The test mixture consisted of 0.4 ml of fresh human blood supplemented with 10 U of heparin per ml, 0.05 ml of a standard suspension of streptococci, and 0.1 ml of test antibody. The percentage of neutrophils with associated streptococci (percent phagocytosis) was estimated by microscopic counts of stained smears prepared from the assay mixture after rotating it at 37°C for 45 min. Indirect bactericidal tests were performed with the same test mixtures, except that fewer CFU of streptococci were added (5). Indirect immunofluorescence tests for heart cross-reactive antibodies were performed with purified sarcolemmal membranes as described elsewhere (6) .
All of the monoclonal antibodies raised against pep M5 reacted in high dilution with the immunizing antigen, as determined by ELISA ( To determine whether the antibodies were binding to protective M protein determinants that were exposed on the surface of the organisms, in vitro opsonophagocytic assays were performed with each hybridoma antibody, using homologous or heterologous serotypes of group A streptococci ( Table 2 ). All of the antibodies opsonized type 5 organisms, indicating that each was directed against a protective epitope that was exposed on the native type 5 M protein. In addition, the antibodies that cross-reacted with heterologous pep M proteins also opsonized the respective heterologous serotypes of group A streptococci. The most highly crossreactive antibody, IB7, opsonized type 6, type 19, and type 24 organisms in addition to the homologous type 5 M serotype.
The finding that the IB7 antibody opsonized type 24
streptococci, yet did not react with pep M24 in the ELISA, suggested that it was directed against a cross-reactive epitope on the native M protein that was not present on the pepsin-derived polypeptide fragment of M24. To test this hypothesis we performed a particle-phase ELISA with type 24 streptococci as the test antigen. The titer of the IB7 antibody against the intact organism was 800, whereas the titer of IEll, which did not opsonize type 24 streptococci, was <100. These results confirm the presence of a crossreactive, protective epitope of type 24 M protein that is not represented on the pep M24 peptide fragtnent.
The ability of the IB7 hybridoma antibody to opsonize homologous and heterologous serotypes of group A streptococci was confirmed by indirect bactericidal assays (Table  3) . Although the test organisms were not completely eradicated in the presence of the antibody, there was a more significant reduction of CFU than in control mixtures, confirming that the antibody was directed against a presumably protective M protein determinant on all four serotypes.
Because previous studies in our laboratory have demonstrated the presence of antigenic determinants on type 5 M protein that are cross-reactive with sarcolemmal membranes of human heart (6), we tested each of the hybridoma antibodies for heart tissue reactivity. None (6, 7) . Perhaps the lower levels of opsonization were the result of inefficient complement fixation by the mouse IgGl subclass (9) . In addition, the data obtained by ELISA >2,000
